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Abstract 
The polarization properties of an internal-mirror 
1.523- ,U m He-Ne laser under an axial magnetic field 
were investigated. When the magnetic field was around 12 
mT, we could stabilize the laser frequency at either the 
center of gain profile or the symmetric two-mode position, 
and the stability achieved was better than 1 MHz. 
oduction 
Frequency-stabilized lasers around the wavelength of 
1500 nm play an important role in the wavelength division 
multiplex optical communication system. 
We have- studied the mode properties of a 
commercial internal-mirror 1.523- ,U m He-Ne laser. 
Under a small transverse magnetic field (e.g., 2.5 mT), its 
output had two orthogonal linearly polarized modes over a 
wide range of the gain profile, and it could be easily 
stabilized within 1 MHz using the modified two-mode 
method. The detail results can be found in our previous 
publication [ 11. 
In this paper, we will present our studies on the 
polarization properties of the same commercial intemal- 
mirror 1.523-pm He-Ne laser in axial magnetic field 
from 2 mT to 30 mT. Under a proper axial magnetic field, 
we could stabilize the laser fiequency at either the center 
of gain profile or the symmetric two-mode position using 
the power difference between the two circularly polaf-ized 
components of the laser output, and the stability was 
better than 1 MHz. 
an oscilloscope camera. Figure l(a) shows a sketch that 
recorded output power versus frequency of the laser under 
an axial magnetic field of 6 mT. The width of total 
emission profile is approximately twice the mode spacing 
of the laser. In Fig. l(a), there were two dips on the both 
sides of the center of gain profile. To recognize the 
phenomenon, we can refer to Fig. l(b), which shows the 
sketch of B and U + emission profile. When U - of the 
mode operated at the power maximum, its power could 
suddenly drop as the mode move to higher frequency. At 
this moment, the two opposite circularly polarized 
components of the mode changed their power, appeared as 
polarization flip. The same result happened as the mode 
move to lower frequency. The major cause of cross 
saturation was the other polarized component comes into 
lasing. However, the phenomenon would disappear as 
axial magnetic field increased up to 10 mT. In additions, 
the U -  and 0' emission profile all have a region of 
about 200 MHz where the power of B or B + 
component equals to zero. Each mode has only one 
circularly polarized component in this region. By Fig. l(a), 
we can fmd this region around the symmetric two-mode 
operation, and the higher fiequency mode should have U 
+ polarization. The reason is that the upper level of the 
1 S23- ,Y m laser transition is 2s2, while the lower level is 
2p,. The B -  and U +  transitions share the same lower 
level, there exits coupling between the two oppositely 
circular polarized components of the mode. 
n Pr- 
The laser tube studied was a Melles Griot 05-LIR- 
150 1.523-,U m intemal-mirror He-Ne laser tube which 
has been used in our previous investigations [ 11. An axial 
electromagnet about 17 cm long (half the cavity length) 
which could produce an axial magnetic field of up to 30 
mT was used in this study. 
Under an axial magnetic field, if the magnetic field is 
small, the polarization properties of our laser are the same 
as the free running operation. When the magnetic field 
was higher than 2 mT, due to the magnetic-field-induced 
anisotropy in the active medium, each mode will be split 
into left-hand and right-hand circularly polarized 
components (denoted as 0- and U +  ) by the Zeeman 
effect. The polarization and power of the modes were 
investigated as a function of their frequencies. The 
emission profile of the laser output was recorded by using 
\ A'. 
f 
( b )  
Fig. 1. (a) A sketch of emission profile of the laser in an axial 
magnetic field of 6mT. (b) Solid and dotted line corresponds to 
the CJ and CJ' emission profile respectively. (P: power; f: 
emission frequency) 
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For the field strength above 6 mT, our laser was 
possible to achieve single mode operation as one mode 
was near the center of gain profile. When we applied an 
axial magnetic field from 16mT to 30mT, the Zeeman 
splitting was larger than mode spacing. In such a case the 
width of gain profile allowed two or three modes 
operation. The center mode contained two opposite 
circularly polarized components, and two side modes had 
only one circular polarization. When the magnetic field 
was up to 30 mT, the o - and o + emission profile could 
be completely separated, each mode would has only one 
circular polarization, and the o and o + polarized 
modes behaved more or less independently. 
For observing the above situation, the power 
difference between these two opposite circularly polarized 
components of the modes were detected by two Ge 
photodiodes using the output from the rear mirror of the 
laser through a quarter wave plate and a polarizing beam 
splitter. The power difference recorded under the 
influence from 2 mT to 26mT axial field strength is shown 
in Fig. 2. Every section corresponds to the power 
difference as the laser frequency scanned over the whole 
gain profile. The positive slope and smooth part was 
known as the two-mode region of the section when the 
field was from 2 mT to 14 mT, while crossing zero point 
corresponded to symmetric two-mode operation. The 
negative slope part was three-mode region of the section 
as the field was less than 6 mT and the single mode region 
as the field was from 6 mT to 14 mT. In this region there 
exists more than two transitions except in the field larger 
than 10 mT due to the polarization flip of opposite 
circularly polarized components. When the magnetic field 
was greater than 16 mT, the laser operated at two to three 
modes, the positive slope and the negative slope part 
corresponded to three-mode region and the two-mode 
region respectively. 
Freguency Stabili- 
For frequency stabilization of our longitudinal 
Zeeman laser, the laser tube was placed in the center of a 
2.4 cm long cylindrical permanent magnet which 
produced a longitudinal magnetic field of 40 mT at its 
center. The polarization properties were similar to that 
when the laser is in a field strength of 14 mT with the 
axial electromagnet. 
The laser was locked at the center of gain profile, 
where the frequency difference between the two circular 
polarized components was about 400 kHz. The frequency 
stability can be estimated from the fluctuation in the 
power difference when the feedback loop is on. The 
frequency stability achieved is better than 1 MHz. If we 
change the sign of the power difference, our laser can be 
locked at the symmetric two-mode position. The 
frequency stability is the same as the laser locked at the 
center of the power profile. 
Conclusions 
In previous reports, under free running operation or 
a small transverse magnetic field, the commercial internal- 
mirror 1.523- ,U m He-Ne laser was stabilized by the 
modified two-mode method. One of the modes was near 
the center of the gain profile and the other mode on the 
wing [1,2]. However, under an axial magnetic field 
around 12 mT, the laser frequency can be stabilized at the 
symmetric two-mode position or the center of gain profile. 
The output of the stabilized longitudinal Zeeman laser is 
single mode contains two opposite circularly polarized 
components at the center of gain profile or two orthogonal 
and circularly polarized modes locate at the symmetric 
two-mode position. 
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Fig. 2 The power difference recorded under the influence of an axial magnetic field. Every section corresponds to the power difference as 
the laser frequency scanned over the whole gain profile. 
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